The sleep EEG provides an in vivo assay of spontaneous cortical activity across post-natal development. Early brain development is marked by dramatic alterations in discrete cortical rhythms. Stereotyped integration patterns between brain rhythms emerge across early brain development.
h i g h l i g h t s
The sleep EEG provides an in vivo assay of spontaneous cortical activity across post-natal development. Early brain development is marked by dramatic alterations in discrete cortical rhythms. Stereotyped integration patterns between brain rhythms emerge across early brain development.
a b s t r a c t
Objective: Although neuronal activity drives all aspects of cortical development, how human brain rhythms spontaneously mature remains an active area of research. We sought to systematically evaluate the emergence of human brain rhythms and functional cortical networks over early development. Methods: We examined cortical rhythms and coupling patterns from birth through adolescence in a large cohort of healthy children (n = 384) using scalp electroencephalogram (EEG) in the sleep state. Results: We found that the emergence of brain rhythms follows a stereotyped sequence over early development. In general, higher frequencies increase in prominence with striking regional specificity throughout development. The coordination of these rhythmic activities across brain regions follows a general pattern of maturation in which broadly distributed networks of low-frequency oscillations increase in density while networks of high frequency oscillations become sparser and more highly clustered. Conclusion: Our results indicate that a predictable program directs the development of key rhythmic components and physiological brain networks over early development. Significance: This work expands our knowledge of normal cortical development. The stereotyped neurophysiological processes observed at the level of rhythms and networks may provide a scaffolding to support critical periods of cognitive growth. Furthermore, these conserved patterns could provide a sensitive biomarker for cortical health across development. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Over the course of post-natal development, the human brain transforms from a relatively quiescent structure into a highly complex organ capable of increasingly sophisticated cognitive processes. Throughout these critical periods, neuronal activity guides all aspects of cortical development from neurogenesis, neuronal differentiation and migration, to synaptic maturation and pruning (Komuro and Rakic, 1993; Katz and Shatz, 1996; Kriegstein, 2005) . A substantial literature supports the hypothesis that neuronal oscillations serve to orchestrate complex neuronal assemblies through transiently coupled physiological rhythms across multiple temporal and spatial scales (reviewed in Buzsaki, 2004) . Such coordinated cortical functional networks underlie multiple cognitive processes (Gray et al., 1989; O'Keefe and Recce, 1993; Fries 2005; Buzsaki and Draguhn, 2004) and have been found to be disrupted in many cortical diseases (e.g. Uhlhaas and Singer, 2010; Sun et al., 2012; Kramer and Cash, 2012 
